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Section 1 

Introduction 

A. Objectives 

The purpose of this study of the Reilly Superfund site is tQ investigate insitu. 
remediation strategies for removing polynuclear aromatic hydrocarbons (PAH) 
which are majorconstituents-of creosote 1mpacteo suosiifface-environments:-
Because this is a very common problem, the study has stressed development of 
innovative protocols that may have applications at other sites. 

·The rationale of the program reflects the findings that creosote associated organic 
chemicals are ultimately biodegradable, although rates of solu.b..ilil.a.!k>n and 
biodegradation are known to depend on molecular weight-structure of the individual 
compounds. The program was designed to answer questions regarding: 

• spatial distribution and composition of organic chemicals in the subsurface. 
• water mobility of the major chemicals 
• limitations on insitu biodegradations due to oxygen and nutrients 
• permeability of the soils and its relation to insitu biodegradation 
• development of mathematical models for design of bioremediation strategies. 

This status report describes some of the new protocols that have been developed to 
obtain data to answer these questions. It also presents illustrative test data that have 
been obtained on soils and column tests. The first section describes procedures for 
sampling and analysis of subsurface soils. Procurement and setting up of 
minimally disturbed vertical profile soil cores for continuous flow testing are 
described in some detail because this protocol is capable of measuring fates of 
organics under conditions that approximate the field site. The third section presents 
data on rates of elution of PAH'S and related organics under no-growth conditions 
and with concurrent insitu biodegradation. D~scussions of the mathematical 
modeling effort will be presented in a follow up report. 

B. Sampling 

The study has focused on the area referred to as Mount Reilly which was created as 
a temporary storage site for contaminated soils and was covered with top soil 
pending decisions regarding ultimate disposal. Because of the nonhomogenous 
nature of the site a series of borings were carried out to obtain soil samples for 
testing. 

Figure 1.1 illustrates the sample gathering protocol for Drilling Site #1 which is one 
of three borings carried out December 11, 1991. A seven inch flight augur was 
used to initiate drilling. Minimally disturbed soil cores were taken in the form of 
two feet long, 2.5 inch diameter, stainless steel, split spoon inserts at the depths 

. indicated. In addition, grab samples of soil were taken at the locations indicated 
. when the bore hole was widened between split spoon sampling takes. 
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Two Shelby tube samples were taken near the surface. But use of Shelby tubes 
was discontinued because the tubes were too severely damaged. Depth locations of 
the split spoon core samples and the grab samples are identified in Figure 1.1. It · 
can be seen that the split spoon sampling cores can be used to obtain an essentially 
complete vertical soil profile for laboratory testing. Test results on the grab samples 
and cores are presented in subsequent sections. 
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Figure 1.1 Sampling Protocol on 12/11/91 for Site #1 of the St. Louis 
Park Reilly Site 
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Section 2 

Analysis of Polynuclear Aromatic 
Hydrocarbons (PAH's) in Soil Samples 

Obtained from the Reilly Site, 
St. Louis Park, MN. 

A. Chemicals of Concern (COC) 

PAR's listed below have been identified as the chemicals of concern based on 
previous surveys of the Reilly Site reported by MPCA , and the analytical protocols 
are designed to measure these PAR's: 

Naphthalene Phenanthrene 
Acenaphthylene Anthracene 
Acenaphthene Fluoranthene 
Fluorene Pyrene 

Benzo(a)anthracene 
Chrysene · . 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 

Benzo(a)pyrene 
In de no( 1 ,2,3-cd)pyrene 
Direnzo(a,h)anthracene 
Benzo(g?h,i)perylene 

Typical composition data for creosote (Table 2.1) shows that the predominant 
PAR's include some 17 compounds ranging from naphtM!ene with a solubility of 
31.7 mg/L to Benzo(a)pyrene with a solubili~_of_Q.~~- Phenolic and 
heterocyclic compounds are also present in creosote. However, the predominant 
phenols are very soluble as are most of the predominant heterocyclics. It is 
therefore likely that many of these chemicals will have been solubilized and 
transported off site. Nevertheless, a study is underway to estimate the total mass of 
organic chemicals that are present More specifically, the total organic conte.nt as 
measured by combustion is being compared with the identified PAR .concentrations 
to estimate unidentified mass of organic chemicals. The results will be reported· in 
subsequent reports. · 

B. Soil Samples 

The following soil samples were collected from the Reilly site in 250-rnl glass 
bottles with gas-tight aluminum-lined lids, and were transported to the laboratory in 
coolers and stored in a 4°C cold room immediately upon arrival. 

Sampling Date 
10/9!91 

12/11!91 

Site# 
1 
2 
1 . 

Sampling Depths, ft. 
4, 8, 13, 18, 24, 29 
2, 9, 14, 18 
3, 4, 6,.8, 10, 13, 14, 18, 24 
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C. Soxhlet Extraction Procedures 

The Soxhlet Extraction procedures described under EPA method 3540 was 
followed. The method is for extraction of nonvolatile and semivolatile organic 
compounds from solids, sludges, and wastes, and is applicable to the isolation and 
concentration of water-insoluble and slightly water-soluble organics in preparation 
for a variety of chromatographic procedures. 

1. Apparatus and Materials 

a. Soxhlet extractor: 
40-mrn I.D., with 500-ml round-bottom flask. 

b. Kudema-Danish (K-D) apparatus: 
Concentrator tube, 10-ml, graduated, Kontes. 
Evaporation flask, 500-ml, Kontes. 
Snyder column, 3-ball macro, Ace Glass,Inc. 

c. Boiling chips: 
PTFE boiling stones, solvent extracted, Norton co. 

d. ExtraCtion thimbles: 
Cellulose extraction thimbles, single thickness, Whatman. 

e. Heating mantle: 
3-sample model, individually rheostat controlled, Fisher Scientific Co. 

f. Reagent water: 
Coming Mega-Pure water purification system. 

g. Sodium sulfate: 
Granular anhydrous, purified by washing with methylene chloride 

· followed by heating at 400°C for 4 hours. 

h. Methylene chloride: 
OPTIMA grade, Fisher Scientific Co. 

i. 2-Fluorobiphenyl: 
Surrogate, 1000 mgltnl in methanol. 

j. Glassware: 
All laboratory glassware was cleaned according to the following procedures: 
a. Laboratory grade detergent wash and rinse. · 
b. Multiple deionized water rinses. 
c. Acetone rinse. 
d. Oven dried (105°C) overnight. 

2. Sample Preparation 

a. Foreign objects such as sticks, leaves, and gravels were discarded from the 
soil sample. 
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b. Ten (10) grams of soil sample were blended with 20 grams of anhydrous 
sodium sulfate until a dry homogeneous mixture was obtained. 

c. The mixture was transferred to an extraction thimble, and 100 Jlg of 2-
Fluorobiphenyl was added to the soil by transferring 100 tJL of the 
surrogate stock solution using a syringe. 

d. When moisture content of the soil sample was required, 10 grams of soil 
sample was weighed into a tared crucible and dried overnight at 105°C. The 
dried sample was weighed again after being cooled in a dessicator: 

%moisture 

3. Extraction 

g of sample - g of dry sample x 
100 g of sample 

a. Five hundred (500) ml of methylene chloride was added to the 500-ml round 
bottom flask containing one or two boiling chips. · 

b. The flask was attached to the extractor and extracted for 16-24 hours .. 

c. After the extraction was cooled and the extract cooled, the extract was 
concentrated to 10-ml using the K-D concentrator and the 3-ball Snyder 
column. The water temperature for concentration was adjusted (about 700C) 
such that the concentration procedure was completed in approximately 30 
minutes. 

d. The concentrated extract was then analyzed for PAR's in the gas 
chromatograph. 

4. Gas Chromatograph Analysis 

EPA method 8000 (General Gas Chromatography) and EPA method 8100 (GC 
Analysis of Polynuclear Aromatic Hydrogen) were followed. 

a. External Standard Calibration: 

For each PAH of interest, calibration standards at a minimum of five 
concentration levels were prepared. One of the external standards was at a 
concentration near, but above, the method detection limit The other 
concentrations corresponded to the expected range of concentrations found 
in real samples. Retention times were recorded for the identification of the 
analytes. Peak area responses were tabulated against the mass injected, and 
a calibration curve for each analyte was prepared. A second-order curve · 
fitting equation was obtained for each analyte. 
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